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(54) Method and equipment of refining plant oil and waste vegetable oil Into diesel engine fuel 

(57) The present invention is related to a method for 
refining virgin plant oil and/or waste vegetable oil into 
fuel, preferably diesel engine fuel, whereby said method 
comprises the steps of 

heating the oil 

supplying water and/or ozone 
mixing the oil with water and/or ozone and 
agitating the mixture of oil and water and/or dissi- 
pating the ozone. 
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!!'Sfin«nn'".r^ '^^ T ^^'^^ '^^"^'"^ °* '"^^^ Vegetable oil into diesel engine fuel has been the focus 

Of attenjon of research and development. Foremost of this is the "methylesteric fuel prxSueKon mSiS" Roum i1 
shows the general pnnciple of this method. According to this method, waste vegetable oil rmiSS w^San^fo etL 

:^rse%^:?;nttx^^^^^^^ - - - ^^^^Tei^T.^ 

!-^5n» ^'^"'^ '° ^^^"^ '■'^ processes in the methylesteric fuel production For the waste 

(1I2 1o3 ^iSl ^fZ^'^^.P'^ ("2). its impurities (admixtures, mdisture. free fatty tiSs) a^^ervS 

wrjMr!/ K i ^ exchange reaction equipment, mixed with methanol or ethanol at 30% bv 

^.?^n??nJ°"' *«^^terification process (113) including the process (107) involving water a^d SS^ ^e7w 
^^X'o)"T^^r:^':^ fuel (108) and glycerin waste (109). The glycerin waste is further nT^S'iz^ ^nd 
oecomposea (i 10). and handed over to the industrial waste processors 
25 [0006] However, this methylesterification technology has the following problems: 

IilitSSui^irS^ '^"^ """"^ "^"^^ "^^'^^ of raw 

SiIJol **"* °* ""sfructing the processing plant is made more expensive by the Ngh combusfibility of methanol or 

(3) There are problems in the safety of the operation. 

(4) Fuel yield upon refining is low at 70% or less. 

(5) Diesel od produced from this method emits more formaldehyde, acrolein, benzene and the like when used as 
fuel due to the addrton of methanol or ethanol. These emis^ons are even more than (^mmeS y a^I^lXdte^^ 
oil from petroleum. It would be, thus, difficult, to consider it a "dean" fuel. =°"inierc.aiiy available diesel 

Jl? invention aims to provide a method and equipment lor refining and recycling virgin plant oil and/or 

^SrJ^n^^ T "^If ^" "'^ "'^^^ "^'^"^ to overcome the prilems oVSie methytes 

terrfication technology. More particularly, a method was to be provided which allowed for the prodi^Bon of fueS vir 
gin plant 0.1 and/or waste vegetable oil not making use of esterification production of fuel from vir- 

SSSfioi, probablem is solved by a method for refining virgin plant oil and/or waste vea- 

etable oil into fuel, whereby said method comprises the steps of m cini on ana/or waste veg 

- , heating the oil 
45 - supplying water and/or ozone 

mixing the oil with water and/or ozone and 
- agitating the nrwxture of oil and water and/or dissipating the ozone. 

[0009] In one preferred embodiment the fuel is diesel engine fuel 

Step. ^ °* '""^"'''^ ""^^^ "^^thod is characterized in that said steps form a pre-treat- 

J! In e"*odiment the pre-treatment step further comprises a step of separating the oil from the water 

rn! S r J^' en*od.ment the oil is heated to a temperature of about 40''C to about 80-C 
S Io.it t^S![ r«o,*°K ^ention the water which is ozonated in a preferred embodiment, is supplied in an amount 
d,S?nl?ntlTmTr'^^^ 

10014] In a preferred embodiment the ozone is supplied from the bottom of a vessel containing at least the oil and 
the water, preferably with a concentration of about 4.000 to about 30.000 ppm. Most prefS^ttie coSen^ti^^^^ 
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about 7.000 ppm. 

[0015] In another preferred embodiment the mixing and/or agitating and/or dissipating is done by a screw-tyoe oro- 
peller with sawtooth-edged blades. In a preferred embodiment said propeller rotates at about 300 rpm. 
[001 6] According to the invention the pre-treatment takes about 20 to about 30 minutes 

fhTo? embodiment of the inventive method said method comprises a further step of supplying ozone to 

[001 8] In a more preferred embodiment the oil is heated to a temperature of about 40*»C to about 80»C 
[001 9] In another embodiment of the inventive method the ozone is supplied with about 4.000 to about 30 000 Dom 
Preferably, the ozone Is supplied from the bottom of a vessel which contains the oil. 
[0020] According to the invention the ozone is supplied to the oil for about 50 to about 90 minutes 
[0021 ] Also according to the invention the method may comprise a further step of adding activated kaolin to the oil 
received from the pre-treatment. 

[0022] In a more preferred embodiment the amount of activated kaolin added is about 5% by volume to about 8% 
by volume. 

[0023] In an even more prefen-ed embodiment the kaolin is removed from the oil before further supplyinq ozone to 
the oil obtained from the pre-treatment. 

[0024] The problem underlying the present invention is also solved by an oil obtainable by practising the inventive 

method. 

[0025] Furthermore, the problem is solved by an apparatus for refining virgin plant oil and/or vegetable oil into fuel 
whereby the fuel is preferably diesel engine fuel, and the apparatus is preferably intended for use in the inventive 
method whereby said apparatus comprises at least 

- a first processing tankwhich is an agitation tank which comprises a propeller-like contraption or agitator which has 
sawtooth-edged blades. 

[0026] In a preferred embodiment of the inventive apparatus the propeller-like contraption or agitator is attached to 
an agitation shaft below a conventional impeller. 

[0027] In a further prefen-ed embodiment of the inventive apparatus said apparatus comprises a second processing 
tank, wherein said tank comprises at least one of the means selected from the group comprising an agitation propeller 
30 an ozone gas spin distributor device, an activated charcoal tube, a heater and an intake valve. 

[0028] The inventors have surprisingly found that the disadvantages of the conventional methylesterif icatlon tech- 
nology as stated above can be overcome by tiie inventive method and by the inventive apparatus. Particularly, said 
inventive method produces "clean" exhaust gas and has a low plant construction cost and refining production cost 
Besides these technical advantages, economical advantages may arise which render the method and apparatus 
according to the invention market-competitive. 

10029] Furthermore, the new kind of oil which can be produced according to the Inventive method may be used as 
fuel, particularly as diesel engine fuel and tinis new fuel exhibits a better quality then gasoline. 

[0030] Briefly, and for purpose of illustration only and not for limitation the invention's process is characterized by 
heating the virgin plant oil and/or waste vegetable oil to 40-80«C and agitating it by mixing it with ozone-filled water 
heated lo 40-80'^C while supplying ozone gas from the lower part of the tank. This agitation process separates and 
removes, along with the water, impurities contained in the waste vegetable oil such as glycerin and animal fatty acids 
[0031] Furthermore, inside the agitation tank, a propeller-like contraption which has saw-tooth-edged blades is 
attached to the end of Its rotational shaft. With tiiis structure, ozone gas emitted upwards is adsorbed and decomposed 
by activated charcoal. 

[0032] Moreover, with the aforementioned as an initial ti-eatment,- the processed oil (with its impurities separated 
and removed) is reheated to 40-80°C and refined by agitating It witii fine ozone gas bubbles supplied from the lower 
part of the tank. This comprises tiie secondary treatment. Similarly, ozone gas emitted upwaixls In tfiis process is 
adsorbed and decomposed by activated charcoal. 

[0033] Summing up. virgin plant oil and waste vegetable oil heated to 40-80«C are mixed witii water the volume of 
which IS 3-8% by the volume of the oil and heated to 40-80OC. and agitated by supplying ozone gas with a concentration 
of 4.000-30.000 ppm from the lower part of the tank. This pre-treatment process separates and removes, along with the 
water, impurities contained in the waste vegetable oil such as glycerin and animal fatty acids. Upon completion of tiie 
pre-treatment process, the processed oil is mixed with 5-8% activated kaolin and agitated. This primary treatment filters 
impurities by adsorbing them to the activated kaolin. Upon completion of the primary treatment, the processed oil Is 
reheated to 40-80<»C in the processing tank while being supplied from the lower part of the tank with fine ozone gas bub- 
bles with a concentration of 4.000-30,000 ppm. and then agHated. This secondary treatment refines tiie processed oil. . 
[0034] The main difference between diesel engine fuel refined from vegetable oil and gasoline refined from petro- 
leum is. firstly, the former does not contain sulfur. Due to recent environmental concerns, there has been a clamor to 
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JT^""^!^' °" '^"^ '"^ P'P^ ^l^^" d'-a'^ed down the sink, and this can 

prove to be a burdensome waste. The invention aims to hit two birds with one stone by effectively^Sirzhig n^SS 
5 resources While solving the waste and environmental problems ecuveiy uuiizmg natural 

EfSnir-K^"'!^?^ f P';«'"'*°"- "^^^e have been a lot of instances wherein, due to high cost, even If the proc- 
ess contrtoutes to the recycle of natural resources, production is not viable. In this invention, aknost no rL nuierians 
basrcally required as.de from ozone (i.e. electrical power), activated charcoal, and activated kaolin, thus maWng cSa^ 
diesel engine fuel from waste vegetable oil possible. "'ciMng cneap 

in ^ r H °* *® fuel. As stated below, a major part of the fuel produced though this 

atong with SOx is a problem, is extremely low. x «> i. wi hwi 

[0038] Rfth. unlike petroleum, this invention carries no tax burden and. therefore, has an added value of suDDlvina 
rs ah SumHes '" " ""^^ "^"^^^ ' ""^^ ^"""^ '^^ not neS^Sly^55:^S 

[0039] The invention is further illustrated by the figures and the following example from which further features of the 
invention as well as advantages may be taken, wherein eatures or me 

Rg. 1 is a diagram showing the entire process of this invention's procedure for converting and refining virgin plant 
so oil and/or waste vegetable oil into fuel, particularly for use in diesel engines; » a h-u 

Fig. 2 is a diagram showing the equipment used in the pre-treatment process of this invention; 

Rg 3 is a diagram showing the equipment used in the water and oil separation process of this invention; 

Rg. 4 is a diagram showing the equipment used in the primary treatment process of this invention; 

Rg. 5 is a diagram showing the equipment used in the initial filtration process of this invention: 

Rg. 6 is a diagram showing the equipment used in the secondary treatment process of this invention: 

Rg. 7 is a diagram showing the equipment used in "the secondary filtration process of this invention: 

Rg. 8 is a diagram showing the equipment used in the dehydration and removal of impurities in the process of this 
35 invention; ^ 

Rg. 9 is a diagram showing the invention's entire process in converting and refining waste vegetable oil for use in 
uiesei engines; 

40 Fig. 10 is a diagram showing the traditional methylesterif ication process of converting waste vegetable oil into fuel. 
Fig. 11 is a diagram showing the principle of methylesterification; 
Rg. 1 2 is a diagram showing the unique agitator blades; 

45 

Fig. 13 is a graph showing the effect of ozone concentration on the removal rate of impurities; 
Fig. 14 is a graph showing the effect of temperature on the removal rate of impurities; 
Fig. 15 is a diagram showing the results of the chromatographic analysis of waste vegetable oil; 
Fig. 16 is a diagram showing the results of chromatographic analysis of fuel refined through this invention; 

Fig. 1 7 is a diagram showing the results of chromatographic analysis of fuel refined through the conventional meth- 

yiesterrfication technology; 

Fig. 18 is a diagram showing the results of chromatographic analysis of diesel fuel in the market; 
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Fig. 19 is a diagram showing the results of chromatographic analysis of pure salad oil; 
Fig. 20 is a diagram showing the results of the chromatographic analysis of pure olive oil; and 
5 Fig. 21 is a diagram showing the diesel engine used for the actual testing of gas emissions. 

[0040] This invention, as shown in Figure 1 , consists of the following seven (7) processes: 

(1) Pre-treatment 

w 

(2) Oil - water separation 

(3) Primary treatment 
IS (4) Initial filtration 

(5) Secondary treatment 

(6) Secondary filtration 

20 

(7) Dehydration and removal of impurities 

[0041] The following is a general explanation of this invention as shown in Figure 1 , 

[0042] In the pre-treatment (1). virgin plant oils and waste vegetable oils (to be referred to as "raw material" from 
25 hereon) are first mixed wHh ozone-filled water then stirred in an agitator; they are filled with ozone gas while being 
heated. When this pre-treatment (1) is completed, the raw material is transferred to the water-oil separation (9) where 
only the oil is sent to the primary treatment (3) while water is sent to the water-impurity removal (8). The main objective 
of the pre-treatment is to remove the impurities from the waste oil. In the primary treatment (3), the raw material is com- 
bined with activated kaolin and agitated; in the initial filtration (4). the activated kaolin is removed, and the raw material 
30 IS sent to the secondary treatment (5). In the secondary treatment (5). the raw material which has completed the initial 
filtration (4) is mixed with ozone gas while being heated, then stin-ed in an agitator. This time, the ozone gas has been 
reduced to fine bubbles. The main objective of the secondary treatment is to refine (i.e. cracking) the oil (i.e. vegetable 
oil) removed of impurities. This refining process is partly achieved in the pre-treatment process. The raw material which 
has completed the secondary treatment (5) is filtered through activated charcoal in the secondary filtration (6) and the 
35 final product emerges. Meanwhile, water and impurities removed in the water-oil separation (9) are separated from one 
another in the water-impurity removal (8); the water is recycled into the ozone-filled water required in the pre-treatment. 
while the impurities are combined with compost and recycled into fertilizer. 
[0043] Each process is described in detail as follows: 




40 (1) Pre-treatment 

[0044] In Figure 2. the equipment to be used in the pre-treatment (1) is shown. Figure 2 includes the processing 
tank (1 1). intake valve (12). heater (13). agitator (14). activated charcoal tube (15). ozone gas intake valve (16). pipe 
(17), and exhaust valve (18). The figure likewise includes a conventional agitation impeller (19) and a special screw- 
45 type agitation propeller (20) attached to the agitation shaft just below the conventional-type impeller (19). As shown in 
Figure 12, this screw-type propeller is equipped with sawtooth-edged blades. 

[0045] The raw material heated to 40-80 <»C is mixed with water heated to 40-80 and filled with ozone at 3-8% 
by volume (to be simply expressed In from hereon), and simultaneously stirred in an agitator equipped with the spe- 
cial four-bladed agitation propeller (20). Ozone gas with a concentration of 4,000-30,000 ppm is supplied from the bot- 

50 torn of the tank; the agitator's speed is approximately 300 rpm. This pre-treatment is to be performed for 20 to 30 
minutes. Due to agitation caused by the special propeller, the raw material and ozone gas are reduced to finer bubbles 
thus increasing contact. When the heater reaches a temperature of 40-80 °C, the impurities (glycerin, animal fatty 
acids) in the raw material are oxidized by the ozone, transformed into hydrophilic matters., and extracted into the water 
filled with ozone. The ozone gas that has been used pass through the activated charcoal tube (15) where it is absorbed 

55 and decomposed, and is therefore rendered harmless. 

[0046] The "agitation" described above is not aimed at mixing the liquids but rather at breaking down the water into 
finer droplets (water in oil emulsion). Consequently, if a conventional propeller (19) as shown in Figure 2 is used, an 
extremely high speed is required. However, this kind of high-speed rotation is unsafe, and therefore cannot be act'ual- 



3DOCID: <EP 102e224Al_L> 



5 



EP 1 026 224 A1 

In order to achieve the same level of performance as that of a high-speed rotation, this invention makes use of a 
?a^rs'oS:^f sawtooth-edged blades. By using this special propeller, the same level Xerforn^nce 
«L ? \'"9'!-=P®®'^ can be achieved at approximately 300 rpm. In doing so. ozone-filled water and ozone 

^ J-^^ T"' P"^"''^ ^"^ ^-^^l^^": ' WiSes in the vJste vegetal^te oil fe^^e^ art^^^^ 

5 fatty acds) we effic^ntjr oxidised, transformed into hydrophilic matter, and are extracted by the fine wifeSeS 
ozone and separated. TTie difference between a conventional inpeller and the special propeller is a^foHow? 
JSrnL.i.!y^'« f impeller is aimed at mixing liquids or mixing a liquid with other substances the spe- 

cial propeller effectively integrates and emulsifies them by high shear force. In o«Jer to ensure also uniform aaSn 

n processing tank, a conventional impeller has been attached above the special propeller ^ 

!h!tl .r t 1" *° impurities from the raw material (waste vegetable oil) i e 

rar;ru™sr^^^^^^ 

[0049] -me separation rate of the impurities depends on the ozone concentration as shown in Figure 1 3 In the f ia- 

^^^TL"!n^ST:°'^'?° ' "^'^^^ '^"^'^^'^^ '^'^"^ *° in the gi phase (1 

vSIt^l Particularly, within the vicinity of 7.000 ppm is most suitable. Since, in the processing of wa 

vegetable oil through th,s invention, the part of expenses brought about by the generation of ozone is huge a3r 
ozone concentra ion may be employed if production cost is to be put into consideration. Ozone-filled water ^ 3-8^0 
the raw ma^enal (5% .s desirable) is placed in another vessel, heated to 40-80 -C. and mixed in. With the effect o7hth 

dS,^im^S; Tfl t'"! """^ '''' P^^''^"^^ injection ^teHs broken 

down into f 'ner drop ets. The temperature of the raw material is set to 40-80 C. The graph of the separation rate of the 
mpurrt.es based on temperature is shown in Figure 1 4. Heating has a positive effect on the viscosity of the raw material 
thereby increasing the speed at which impurities are transferred into the fine water droplets which in turn improves t^e 

'31© OT sGpdrsuon. 

wfl? "^.^^II*^® main objective of the pre-treatmem is to separate the impurities contained in the waste vegeta- 
secondary treatment described below, rt likewise facilitates refining (cracking) of the vegetaMe oil 

aSnoXrS"' 
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(2) Water-<wl separation 



nro JLn,J^?^^ ^ ^" water-oil separation process. Raw material which has undergone 

mTte^Te 3 ^hTI '^^ ^^""^ ''^ "^^ra' separation which 

makes use of frie difference in specific gravities, or with the use of a centrifuge. Figure 3 is an explanatory diagram of 

t^ll??K K """^'y treatment (24). while the impurities (23) which have settled at ttie bot- 

tom goes through dehydration and removal of impurities (25) 

iwSri^ ^ ^ extraction of glycerin and animal fatty adds from the 



40 (3) Primary treatment 

!SSSLi int?u "'^ f the equipment used in the primary treatment. The figure shows the processing tank (30). raw 

which has undergone water-oil separation Is mixed with 5-8% activated kaolin and placed in the agitator for 20-30 min- 
45 utes. This process decolorizes the raw-material. 

(4) Initial filtration 

[0054] As shown in Figure 5. activated kaolin which had frilly adsortsed impurities and has lost its activity, is 
removed using a pressunsed press machine from the raw material which has undergone primary treatment. 

(5) Secondary treatment 

/c.?"!® ® ^^^^ equipment used in the secondary treatment. The figure shows the processing tank (50) 
sTSfblJd^SS^sT"' ''''' and'ozon'eTas 
[0056] Raw material which has undergone initial filtration is heated to 40-80 »C and supplied with 4000-30 000 
ppm of ozone gas from the lower part of the tank. Directly above the ozone gas release valve at the tanks lower is 
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where the ozone gas spin distributor device (56) is installed. Along with an ordinary agitation propeller (55), the agitator 
rotates at a speed of 300-350 rpm in order for the fine ozone gas bubbles to evenly integrate with that of the raw mate- 
rial. Processing time takes 50-90 minutes. Ozone gas which has been used passes through the activated charcoal tube 
(51) where it is adsoibed and rendered harmless. 

[0057] As stated above, ozone gas which comes in contact with the spinning top is broken down into finer bubbles 
and rs injected into the raw material. Through this ozone gas. refining (cracking) of the raw material is performed and 
a product of better quality than that of methyl-esteric reaction is produced. 

(6) Secondary filtration 

[0058] Raw material which has undergone secondary treatment is made to pass through the filtration equipment 
shown in Rgure 7. In the filtration tank (61), activated charcoal (filtration material: 65) is installed through which the raw 
material is made to pass In order to be filtered and produce the final product As in Figure 7. a heater may be installed 
inside the filtration equipment, or the raw material may be heated at the secondary treatment and continuously sent to 
the filtration stage. However, the temperature of the raw material in the filtration equipment must be at least 65 **C. Fil- 
tration may be natural or pressure type. In Figure 7. the natural type of filtration is shown. The filtration material (acti- 
vated charcoal) is about 5-8% of the raw material. 



(7) Dehydration and removal of impurities 

20 

[0059] In the water-oil separation stage, water containing Impurities are separated Into water and impurities. Figure 
8 shows the equipment used for this. Processing water containing impurities (74) is removed of Its impurities using an 
inrpurity adsoiption material (75). Impurities which have been removed are mixed with compost and are then used as 
fertiliser for agricultural use. Water cleansed of its impurities is filtered through activated charcoal (76) and is reused in 

25 the ozone-filled water used in the preliminary treatment. Figure 9 shows a summary of the all the stages involved. 
[0060] In one embodiment of the inventive method the ozone dosage is 21 0 [g-03/m3 - oil] in the preliminary stage 
with reaction time from 30 to 60 minutes and 420 [g-03/m3-oil] in the cracking stage with reaction time from 1 hour to 
3 hours. Figures higher than these can result in polymerization making the ozone product hard and viscous. The term 
g-03 Is ( Q X C X t ) with Q as the ozone flow rate in liters/min, C is the ozone concentration in gas phase (gram/liter) 

30 and t Is the time in minutes. 

[0061 ] It is to be noted that the wording "supplying" may be replaced by the wording "introducing" herein. 

[0062] The result of the gas chromatography analysis of the product procured from the testing plant of this Invention 

is explained next. 

[0063] Figure 15 shows the analytical graph of waste cooking (tempura) oil. while Rgure 16 shows the analytical 
35 result of the refined product through tills invention. By way of reference. Figure 1 7 shows the analytical result of waste 
vegetable oil refined through the methylesterlfication method. Figure 18 shows that of commercially available diesel oil 
from petroleum, Figure 19 shows that of pure (virgin) salad oil, and Figure 20 shows that of pure (virgin) olive oil. Shi- 
madzu gas chromatography was used for the analysis. Conditions set for the analysis are as follows: 

40 Column Ultra alloy 1 -EX (1 5m) 



45 



Carrier gas He (2 ml/min) 

Column temperature 50 **C - 350 *C (rate: 10 **C/min) 

Detector FID (390 *C) 



[0064] Looking at Figure 16, it is clear that a major portion of the product refined through this invention's method 
has its molecular weight concentrated over a very low value. This means that, as shown in Figures 15, 19, and 20. the 
double bond of carbon atoms (C = C) found in vegetable oil has been cleanly cut by the oxidation caused by the ozone 
gas. Surprisingly, comparing to Rgure 18, the product has a tower molecular weight tiian commercially available diesel 
oil from petroleum. As given evidence by the combustion test described below, the fuel refined through this invention 
has extremely good combustibility and has almost no air pollutants. On the other hand, fuel refined through the meth- 
ylesterlfication method, as shown in Figure 17. peaks at a high molecular weight and has a high ignition point, but is not 
necessarily better tiian commercially available diesel oil from petroleum. The results of ignition point measurements are 
shown in Table 1. 
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Table 1 
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BIODIESEL OIL US 


5ING WASTE VEGETABLE OIL 




UNIT 


METHYL ESTER OIL 


OZONE TREATED OIL 


Calorif fe potential 


kcal/kg 


9490 


9730 


Ash 


wt% 


less than 0.01 


less than 0.01 


Density 


l5«Cg/cm^ 


0.8841 


0.8758 


Ignition point 




130.1 


51.3 


Sulfur content 


wt% 


0.01 


0.01 


Nitrogen content 


wt% 


less than 0.1 


less than 0.1 



J , i u I °- '■^'"'"9" '^'"^ methylestertfication, while "upon MEI refhing" is 

I, , freatment- refers to vegetable oil before refining. As shown in Table 1 . the igni- 

^on point of upon MEI refining" is 51.3 "C and bums extremely well, while that of "upon S Co. refining- is 130 1 "C and 
bums quite poorly. A clear cause of this is the difference in their molecular weights. 

[0066] The result of the gas emission measurement using the test equipment in Figure 21 are shown in Table 2 



Table 2 



COMPOSITION OF 


EXHAUST GAS FROM DIESEL ENGINE 


Diesel fuel 


Engine operating 
condition 


SOx 


NOx 


Gas component 


Black smoke 






vol. ppm 


vol. ppm 


CO2 vol. % 


O2 vol. % 


visual observation 


Commercially- 
available diesel oil 


idling 


less than 10 


170 


2.5 


17.0 


undetectable 


1500 rpm 


less than 10 


110 


2.6 


16.9 


undetectable 


Ozone -treated 
diesel oil 


idling 


less than 10 


72 


2.9 


16.2 


undetectable 


1500 rpm 


less than 10 


80 


2.9 


17.0 


undetectable 



30 
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[0067] In Table 2. emissions are compared to that of commercially available diesel oil from petroleum; "revive" 
refers to the fuel refined through this invention. 

[0068] In Table 2. it is interesting to note that, aside from the obvious low sulfur oxide emission, the nitrogen oxide 
emission is much lower than that of commercially available diesel oil from petroleum. Even from the standpoint of gas 
m'llL^l''"' Z invention is better than commercially available diesel oil from petroleum 

10068] -me procedure and equipment of this invention is capable of refining waste vegetable oil. the disposal or 
inc.nerat.on of which has been a problem, into fuel for diesel engine use, in a short period of time and at little expense 
Utilizing no chemicals, having little-equipment risk, and hardly producing any post-refining waste matter, it has there- 
TVJ,T!u f 'T""^ ® recycling system. Furthermore, in case of utilization as fuel, it has a far better com- 

bustibility than fuel refined from the present methylesterif ication technology. Also, its COg, NO^ and SO^ volume content 
in the exhaust gas is 50 - 30% or even lesser than the gas emitted from the present diesel engine fuel, which makes it 
a practical clean fuel for the improvement of the atmospheric environmental pollution 

[0070] A diesel engine fuel of this good quality can be revived from waste vegetable oil. recycled simply and inex- 
pensively at close to normal temperature. The procedure of this revive system of waste vegetable oil is an epoch-mak- 
bliSnreriSifSn" '"'^ ^'^ " ^ ""'^ °^ ^ manufactured by using ozone only and not 

[0071 ] The features disclosed in the foregoing description, in the claims and/or in the accompanying drawings may 
both separately and in any combination thereof, be material for realising the invention in divers forms thereof. 
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Reference Number List 
[0072] 

5 1 Virgin plant oil and waste vegetable oil 

2 Pre-treatment process 

3 Primary treatment process 

4 Initial filtration process 

5 Secondary treatment process 
10 6 Secondary filtration process 

8 Dehydration and removal of impurities process 

9 Water and oil separation process 

1 1 Treatment tank 

12 Inlet 
IS 13 Heater 

14 Agitating machine 

15 Charcoal pipe 

20 Unique agitating blades 

21 Water and oil separating machine 
20 30 Treatment tank 

32 Charcoal kaolin inlet 

33 Agitating machine 

34 Agitating blades 
40 Press machine 

25 50 Treatment tank 

56 Procedure for breaking down ozone gas into fine bubbles 

61 Filtration tank 

65 Filtering material 

71 Impurities absorbing tank 
30 72 Charcoal filter tank 

1 04 Process for removing extracted fatty acids 

105 Ester replacement process 

Claims 

35 

1. Method for refining virgin plant oil and/or waste vegetable oil into fuel, preferably diesel engine fuel characterized 
in that said method comprises the steps of 

heating the oil 
40 - supplying water and/or ozone 

mixing the oil with water and/or ozone and 

agitating the mixture of oil and water and/or dissipating the ozone. 

2. Method according to claim 1 , characterized in that the steps form a pre-treatment step. 

45 

3. Method according to claim 1 or 2, characterized in that the pre-treatment step further comprises a step of separat- 
ing the oil from the water. 

4. Method according to any of claims 1 to 3. characterized in that the oil Is heated to a temperature of about 40 «C to 
so about 80 °C. 

5. Method according to any of claims 1 to 4. characterized In that the water which is preferably ozonated, is supplied 
in an amount of about 3 to about 8% by volume of the oil, preferably about 5 % by volume of the volume of the oil. 

55 6. Method according to any of claims 1 to 5. characterized in that the ozone Is supplied from the bottom of a vessel 
containing at least the oil and the water, preferably with a concentration of about 4000 to about 30000 ppm, most 
preferably about 7000 ppm. 
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7. Methcjd according to any of claims 1 to 6. characterized in that the mixing and/or agitating and/or dissioatina is don« 
by a scre«-type propeller with sawtooth-edged blades, preferably rotating at aboSl 3o2 rpm ^ 

^ 8. Method according to any of claims 1 to 7. characterized in that the pre-treatment takes about 20 to about 30 min- 

rllJ::,S:'pre-StS;ent^" ' *° ^ ^^^^^ °' ^^^^^ ^^^^ Oil 

' °" SS'SrS.*"^"" ^' "^"^"^^^^ 0* ««'-«ted kaolin added is about 5% by volume to 

"'aftt^S^k^r''^""^*"^ 

15 

12. Method according to claim 11. characterized in that the oH is heated ,o a temperature of about 40 =0 to about SQ-C. 

Ilm''^«1f?rK?'? *° V °' ''•^^^^^'■'zed in that the ozone is supplied with about 4000 to about 30000 
ppm. preferably from the bottom of a vessel whidi contains the oil 

so 

aboHt'tfSnS ^"^ °* "^^"^ " *° *^«t the « supplied to the oil for about 50 to 

^ 1 5. Oil obtainable by a method according to any of the preceding claims. 

T'" '"^?*u " "^'^^ ^^9^*^" °" '"t° Preferably diesel engine fuel, preferably 
for a method according to any of the preceding claims, characterized in that it comprises at least 

'';S^Tci^:Sif4x^^ 

35 ia Apparatus according to claims 16 or 1 7. characterized in that it comprises a second processing tank wherein said 
2n h^XTh ' °* '""""^ ""'^^ ^^"^ aroup^mprising an agLon i^JelTran o^ne?^ 

spin distributor device, an activated charcoal tube, a heater and an intake vJve. .an ozone gas 



40 



45 



50 



55 
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FIG. 2 
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Fig. 4 
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Raw material inlet 
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Mixing of 5-8% activated kaolin 32 
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To initial filtration process 
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Raw material 
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FIG. 6 



53 Raw material Inlet 



57 Ozone gas 




Agitating machine 5 ] 



Activated charcoal 52 

50 



Temperature raising equipment 54 



To secondary filtration process 
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FIG. 7 
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FIG. 8 



Inlet for treatment water with impurities 74 



Filtering material for absorbing impurities 75 

72 
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To pre-treatment ozone water 
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FIG. 9 
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Initial nitration process 
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FIG. 13 



Removal rate of impurities based on ozone concentration 
120t — , 
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FIG, 14 



Removal rate of impurities based on temperature variation 
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